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EXECUTIVE SUMMARY

The Altarum Institute, under contract to the MidmgDepartment of Transportation (MDOT),
currently is engaged in a project called the “AltarRestricted Use Technology Study.” This
study, an 18-month effort, seeks to apply restiictge technology to the mandates of MDOT.
The major phases of this project are illustratedigure 1.

Under Deliverable 1.1 of the Work Plan governing itarum Restricted Use Technology
Study, the Altarum project team is required to pi@@lan unclassified summary and
comprehensive written report of RADAR systems ttaat potentially address transportation
problems. This report presents the fundamentateqas of RADAR operations, reviews the
categories of civil, commercial and military serssatith their platforms, and discusses potential
application areas of RADAR systems, both in genandl those specific to transportation.
Together with its companion report on electro-adtgystems (Deliverable 2.1), this report will
provide transportation experts with an overvievewfrent resources and a foundation of
potential applications.

Figure 1: Task Dependency within the Restricted Use Technology Study
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RADAR based systems have evolved greatly since ithiéal development in the 1930s.

Modern RADAR systems can provide high resolutioagery in all kinds of weather conditions,
day or night. RADAR is also capable of mappingogqaphy, detecting subsurface features, and
measuring movement, either gradual as in the dds@a subsidence, or rapid as in the case of
moving vehicles. RADAR systems may be divided sgweral major groups, including:

» Synthetic Aperture RADAR (SAR)

* Interferometric SAR (InSAR)

» Pass to pass coherent SAR

* Ground moving target indicators (GMTI)
* Ground penetrating RADAR (GPR)
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Many of these sensors can be found on a wide raihglatforms including earth-orbiting
satellites, manned aircraft, and unmanned aerlaties (UAVS).

RADAR systems have proved their value for militatyveillance, environmental research, and a
variety of civil applications. As discussed instiheport, RADAR systems have great potential
for addressing transportation needs in areas of:

* Asset Management

* Environmental Applications

* Inter- and Multi-modal Applications
» HAZMAT Shipments

» Traffic Congestion and Safety

» Border Crossings

* Homeland Security

e ITS and Operations

The Altarum team has completed this task, thoughreport will evolve by updates and
revisions as the project progresses. The infoomatiscussed in this report will support the
follow-on task of generating simulated RADAR daial avill provide background information
for the focus group sessions anticipated to be ined@rly 2006.
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INTRODUCTION TO RADAR SENSORS

Remote sensing describes the collection of datataboobject, area, or phenomenon from a
distance with a device that is not in contact it object. More commonly, the term remote
sensing refers to imagery and image informatioivddrby UAVs, manned airborne, and

satellite platforms that house sensor equipmehe data collected by the sensors are in the form
of electromagnetic (EM) energy. Electromagnetic

energy is the energy emitted, absorbed, or refllecte Figure 2: Electromagnetic

by objects. Electromagnetic energy is synonymous Spectrum on a Vertical Scale.

to many terms, including electromagnetic radiation, Source: Corps of Engineers, 2003

radiant energy, energy, and radiation.

\R-"&_l;»;elengrh
A specialized form of remote sensing sensor is GammaRays | =
RADAR, which is an acronym for Rléo Detection 105 m
and Ranging. A RADAR instrument emits a pulse Xrays
of electromagnetic energy, at the speed of lighd, a Ultraviolet —10°m
measures the time for the pulse to return. Disgtasic
calculated from the travel time of the pulse. The Visile Light |9 o
distance and the strength of return, provides '
information on location and surface roughness ef tt nfrared
feature of interest.
RADAR is an active form (meaning it carries its —100 pm
own source of electromagnetic radiation) of remote Microwaves
sensing, which operates in the microwave region o Talevison Waves | 10m
the electromagnetic spectrum (Figure 2). Table 1 (VHF and UHF)
lists the wavelengths of various bands used by 1.0m
RADAR systems. As indicated in the table, the Radio Waves
microwave band spans 1 cmto 1 m. The RADARs
presented in this report operate at X, C, L, and P 100 m

bands (Table 1).
The conversion of frequency to wavelength is preditly the well-known equation:

C=Av
where
c = 3.00 x 18m/s, the speed of light
A = wavelength (m), and
v = frequency (cycles/second, Hz)

Being active, as well as operating in the microwaaggon of the electromagnetic spectrum,
allows RADAR to operate day or night in all weatkhenditions (e.g., clouds, rain, snow).
RADAR data can be used to map three-dimensionéd&es in the form of digital elevation
models (DEMS), to measure surface changes in am#to detect moving objects. Longer
microwaves of RADAR can also penetrate the subserfa detect buried features.

RADAR Sensors Altarum ¢ 3



Table 1: Wavelengths of Various Bands in the Microwave Range

Band Frequency (MHz) Wavelength (cm)

Ka 40,000 - 26,000 08-11
K 26,500 — 18,500 11-1.7
X 12,500 — 8,000 24-3.8
C 8,000 — 4,000 38-75
L 2,000 - 1,000 15.0-30.0
P 1,000 - 300 30.0-100.0

The typical imaging geometry for a RADAR sensagiigen in Figure 3. RADAR operates in a
side looking mode; a swath is imaged well to ode sif the aircraft or spacecraft. The
depression angl®) is the angle between the horizontal and a liamfthe vehicle to specified
location on the swath. The depression angle aoitsplement, the incidence angg, (is
commonly used to describe range geometry. Theedsjgn angle measurement is applied to
airborne vehicles, while the incidence angle mesment is applied to spaceborne vehicles.

Figure 3: Typical RADAR Imagery Geometry
SAR Configuration

5 B: Depression Angle
/ a: Incident Angle
fi,: Azimuth Beamwidth

fi,; Range Beamwidth (elevation)
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Swath width is dependent upon the altitude of ligltf vehicle and is limited by the range
beamwidth. The higher the altitude, the largehésswath width for a givetora. In the
azimuth or along track direction, there is no iméic geometric distortion from stationary terrain
objects, because each object is imaged at thaqositthe SAR vehicle.

The intensity of reflected energy returning froRADAR pulse is a function of the frequency
of transmitted pulse, the polarity of the pulse ithcident angle of the RADAR beam, the
roughness of the surface of the object or teramn, the dielectric constant of the feature being
imaged. The first three parameters (frequencyarfig) and angle) are controllable by the
RADAR operator, while the last two, roughness atdkedtric constant, are properties of natural
or cultural features.

The transmitted RADAR wavelength, which typicalnges between 1 cm and 1 m, interacts
with the roughness of the terrain according to gégh roughness criterion. Basically, if the
granularity of the rough terrain is greater thahd@f.the RADAR’s wavelength, a significant
return will occur. Polarization of the RADAR plaggole if a feature is aligned vertically or
horizontally. Significant return from the subswudacan occur also when cross-polarized
RADAR is used. The dielectric or electrical contikity is important for metal objects because
a high dielectric material reflects significant kecatter (i.e., RADAR return).

RADAR Sensors Altarum ¢ 5



CATEGORIES OF RADAR SENSORS

Five categories of RADAR sensors are suitablerfordportation studies. These five RADAR
types include:

1) Fine resolution Synthetic Aperture RADAR (SAR);

2) Interferometric SAR (INSAR);

3) Pass to Pass Coherent Detection SAR;

4) Ground Moving Target Indicator (GMTI) RADAR; and
5) Ground Penetrating RADAR (GPR) Sensors.

Each of these five classes of RADAR systems haguenattributes that can be applied to
transportation issues.

Synthetic Aperture RADAR

Spatial resolution is the ability of a remote segsietector to discriminate close objects. An
instrument that has “one-meter resolution” meaasitican discriminate two objects that are one
or more meters apart.

The spatial resolution of a stationary _ )

RADAR is limited by the diameter of Figure4: Fine Resol ution SAR Map of Oxford
its receiving dish (i.e., aperture), in ~ €ounty, Ontario from May 1990. Source:
which finer spatial resolution demands Canada Centre for Remote Sensing
larger apertures. RADAR operated Eie=rg
from a movable platform, such as an &%
airplane, can use its forward motion a9
a way to simulate a dish with a much
larger diameter, referred to as a
synthetic aperture. The synthetic
aperture RADAR (SAR) achieves high
resolution by storing and processing g
Doppler shift data from multiple returns
pulses.

Spaceborne SARs have resolutions o
the order of 25 meters, while aircraft §
and UAV SARs have resolution as fin
as sub-meter. Satellite SARs typicall
map a swath width per pass of 100 kg
while aircraft and UAV have swaths
on the order of 10-30 km. An examplegs
of a fine resolution image collected

with airborne SAR is shown in Figure 4.

In the transportation field, SAR could provide firesolution synoptic maps of structures
requiring detailed analysis, collected day or nighdll weather conditions. This includes

RADAR Sensors Altarum ¢ 6



infrastructure maps, stationary or slow moving ekhcounts, and land cover. Because SAR
utilizes Doppler to synthesize a long antennaaiinot image both moving and stationary targets
at the same time. SAR can also be used potentiatgtermine road surface roughness. Small-
scale roughness can be measured with SAR if steorédength, correctly polarized beams
having optimum viewing geometry are used.

Interferometric Synthetic Aperture RADAR

Interferometric Synthetic Aperture RADAR (InSAR)as aircraft- or satellite-based remote
sensing method capable of measuring minute chanmg#te earth’s surface. INSAR utilizes two
antennas to image the same terrain area at slidifftiyent ranges. The two near-simultaneously
collected images are then processed coherentlytiemagnitude and phase value is retained).
The two “coherent” images of the same area arephase compared, where the slight
difference in phase is related to a height diffeeen

INSAR techniques can be used to calculate flowsrateslow moving surfaces (e.g., glacier ice),
to produce high spatial resolution topographic maibls accuracies of a meter or less, and to
detect subtle changes in the height of terraimaise case of subsidence before or after an
earthquake.

One commercial company, called Intermap, operae$Star 3i INSAR consisting of a jet aircraft
with X-band interferometric SAR systems. It prodsicub-meter surface models (i.e., DEMS),
as well as fine resolution SAR imagery. Exampliethese data are shown in Figure 5. Intermap
has also successfully demonstrated to the U.S.repat of Transportation that INSAR data

can map roads overlayed on high-resolution topdgrap

Figure 5. Examples of Data from the Intermap Star3i InSAR System. Fine
resolution SAR imagery (left) and elevation data (right) Source: Intermap
[ % o e T 'r

INSAR data have proved useful in locating high-feskdslide areas along highways. INSAR
data could be a useful tool in any transportatigpliaation where fine detail topography or
DEM data are required.

RADAR Sensors Altarum ¢ 7



NASA'’s Space Shuttle Topographic Mission in 200G waehighly successful application of
INSAR technology that mapped most of the earthid lsurface at 30-m resolution. Topographic
data may be acquired for free through the U.S. @&podl Survey (see
http://edcsns17.cr.usgs.gov/srtmdted/).

Passto Pass Coherent Detection SAR

“Pass to Pass Coherent Detection” SAR is a suliskedarger INSAR category, in which data
are collected for the same area over two or mate periods or passes to detect subtle
movements or height changes. The individual paase%oherently” processed and, as in the
case of INSAR, are phase differenced where thegphésmation is used as an indicator of low
velocities, topography or subsidence. Changesrtaih features between the passes, such as
those due to geologic activity, can be detected this method

The advantage of pass to pass coherent procesdingtia conventional SAR satellite can be
used. Though this technique has been demonssategssfully from a single SAR satellite,
pass to pass coherent processing from aircraiffisult due to the navigational challenges of
repeating the same observation geometry.

INSAR and pass to pass coherent detection SARmsgstach have their advantages. Because
INSAR is collected on one pass with two antenmaage registration and phase errors are not a
problem and data processing is less complex. ©wotter hand, pass to pass coherent systems
only require a single antenna for operation anddsgact extremely small deviations over time.

Figure 6: Surface Deformation in Landers, California Dueto Aftershocks. ERS 1
pass to pass SAR satellite coherent detection, collected April 24, 1992, and June 18,
1993. Source: Massonnet et. al, 1993

T - Hough 94

Feigl, Sangent.
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An example of pass to pass coherent detection SARawn in Figure 6 for land deformation
due to an earthquake in Landers, California. Reddfore and after the event were obtained
from the analysis of ERS-1 satellite data. Sinylgrass to pass coherent detection could prove
useful to transportation applications that addsegssidence or bulges in roadways, runways, or
rail crossings.

Ground Moving Target Indicator RADAR

Ground Moving Target Indicator (GMTI) RADAR usesmaving target’s Doppler RADAR
return to distinguish it from surface clutter. $heéchnique makes it possible to detect, locate,
and track targets with the RADAR cross-sectionadifigles throughout a large synoptic area
when they are moving slowly on or just above th#ase of land or water.

There are two types of GMTI RADAR: static (or ssapt) RADAR and dynamic (or continual
observation) RADAR. Static RADAR provides an imggmeous picture of what was moving at
a point in time with infrequent updates depictinguing target density. The Army OV-1
Mohawk’s RADAR was an example of a static or snap§&sMTI RADAR. Development of
RADAR capable of continual observation was keyhm immense operational value of GMTI
information. The E-8C Joint STARS’ RADAR is an exale of a dynamic GMTI RADAR
system that provides periodic updates and allowsige tracking of a moving vehicle.

A RADAR system’s ability to provide detailed, ngaal time information on vehicular
movement depends on its ability to reliably detacturately locate, and precisely track slow
moving ground targets. GMTI can provide vehiclieimation, such as the length and the
configuration of specific vehicles within a freewayen when RADAR returns are temporarily
interrupted by terrain screening or aircraft turns.

To provide precise, near-real time information ehicles moving within a given area, a GMTI
system must be able to generate and maintain nusiexgomatic tracks. The ability to do this
depends on the system’s performance in terms dbtloaving metrics:

* Probability of Detection (PD) — the probability détecting a given target at a given
range any time the RADAR beam scans across its path

* Vehicle Location Accuracy — a function of platfosalf-location performance, RADAR-
pointing accuracy, azimuth resolution, and rangeltgion;

* Minimum Detectable Velocity (MDV) — the minimum eabf movement that can be
detected by the sensor;

» Vehicle Range Resolution — the fidelity determinwgether two or more targets moving
in close proximity will be detected as individuafgets;

» Stand-off Distance — the distance separating a RRBystem from the area that it is
observing;

RADAR Sensors Altarum « 9



» Coverage Area Size — the size of the area thatystem can keep under continuous
surveillance from a specific location. The earttusvature and screening from terrain,
foliage, and buildings cause system altitude ta key factor determining coverage area
— the higher the altitude, the greater the coverage

» Coverage Area Revisit Rate — the frequency withcivitihne RADAR beam passes over a
given area.

If performance in even one of these GMTI Figure 7: An Output Map from a Ground
metrics is degraded, the system will lose Moving Target Indicator RADAR
tracking performance and compromise the
accuracy and timeliness of the ground
picture.

The GMTI system’s ability to collect high
resolution, photo-like SAR still images
concurrently is also vital to reliably
tracking vehicular traffic. Collection of
SAR images associated with GMTI
information is essential for quickly locating
vehicles that have stopped moving. Most
GMTI RADAR systems can collect either
GMTI or SAR information during the same
mission, but not both simultaneously.
JSTARS collects both SAR and GMTI datg
in near-simultaneous modes.

Figure 7 is an example of a GMTI map of
vehicles along a road network. Note that
GMTI RADAR provides an all-weather
indication of vehicle numbers and speed
along aroad. Hence, any transportation £

application that requires vehicle counts and speedt benefit from GMTI.

Ground Penetrating RADAR

Ground Penetrating RADAR (GPR) uses electromagmedice propagation and backscattering
to image, locate, and identify changes in eledtaca magnetic properties in the ground.
Practical platforms for the GPR include on-the-grpoint measurements, profiling sleds, and
near-ground helicopter or aircraft surveys. Theage Systems DSC90L1 is operated from a
helicopter UAV.

GPR has the highest resolution of any geophysietghad for subsurface imaging, approaching
centimeters. Depth of penetration varies from nseti@ several kilometers, depending upon the
materials’ properties. Detection of a subsurfazure also depends upon contrast in the
dielectric electrical and magnetic properties.elptetation of ground penetrating RADAR data
can lead to information about depth, orientatiare,sand shape of buried objects. GPR has

RADAR Sensors Altarum ¢ 10



utility for a variety of transportation applicat®n These include: location of underground
utilities (pipes, wires, fiber), soil types, andtema

During operation of a GPR, a RADAR pulse is modedaat frequencies from 100 to 1000 MHz,
with the low frequency penetrating deeper tharibgl frequency, while the high frequency has
better resolution than the low frequency. Basis@uepetition rates are up to 128 Hz on a
RADAR line profiling system on a sled or airborrlatform. RADAR energy is reflected from
both surface and subsurface objects, allowing dapththickness measurements to be made
from two-way travel time differences. At an airberspeed of 25 m/s (~56 mph) from an
altitude of not more that three meters using a RRCfequency of 75 Hz, line profile data can
be collected up to four meters deep with five-aaeter resolution on 30-centimeter (one foot)
grid centers. Playback rates of 1.2 km/min aresipdes for post-processing of the data.

An example of GPR data is present in Figure 8, smgwa gravel fill layer under a railroad,
having a thickness of 0.3 to one meter (one tcetfeet).

Figure 8: An Example of the Use of Ground Penetrating
RADAR (GPR). Theimage show gravel fill under a
railroad bed. Source: Geophysical Survey Systems, Inc.

0 Dads collacind on Ml Bad

Apgeavmate Dep

Sensor Platforms

Specific parameters of a broad selection of RADA&ems are presented in Tables 2 — 5.
Table 2 lists satellite-based systems, Table 3igesvsystems flown on manned aircraft, Table 4
lists sensors designed for UAVS, and Table 5 steowsmber of prominent GPR systems.

Of the 10 past or present orbiting systems liste@iable 2, including the Space Shuttle missions,
only two are operational - RADARSAT-1 and ENVISAThese two robust systems are good
platforms for performing pass to pass coherentotiete These operational satellites will soon
be joined by new systems, including RADARSAT-2 #idS/PALSAR. The ALOS/PALSAR
mission, a project of the National Space Develogmegency of Japan (NASDA), will have
polarimetric SAR capability, which will provide uque information on wetlands, other
vegetation types, and subsurface structures.

RADAR Sensors Altarum « 11



For transportation applications airborne platfoars best for fine resolution SAR mapping,
INSAR topographic mapping, GMTI, and GPR. The Ioalétude of aircraft provides greater
detail than that achievable from orbital platforn#dter FAA problems are solved, UAVs offer
unique long-term observation capabilities, whichulddbe especially advantageous for border
crossings, homeland security, and intelligent fpanstion systems.

RADAR Sensors Altarum « 12
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Table 2: Satellite RADAR Systems (NA = Not Available)

Pulse Antenna
. Frequency Wavelength e . Pulse time - Antenna Beam | Pointing
Satellite Agency (GHz) (cm) Polarization BW (MHz) D(ura:::c;n BW product PRF (Hz) Width (deg) Angle
- (deg)
Past and Present Satellites
ALMAZ MOM (Russia) 28 10 HH 10.5 ~30 250 1,200 6 1 20-70
ENVISAT ESA 5.331 57 HH, vV, HV 100 33 1,200 1,750 6 1 15-45
37 23 at mid
ERS-1/2 ESA 53 57 \AY 19 12.3 (Wave 703 1,700 6 1
swath
mode)
JERS-2 NASDA 1.275 2.35 HH 15 34 700 1,500 6 1 35
(Japan)
RADARSAT-1 CCRS 5.2 57 HH 12 27.9 250 1,315 6 1 20-45
(Canada)
Seasat NASA (USA) 1.275 2.35 HH 19 33.8 642 1,647 6 19- 25
Space Shuttle Missions
SIR-A NASA (USA) 1.275 2.35 HH 6 33 198 1,110 6 1 50 - 55
SIR-B NASA (USA) 1.275 2.35 HH 12 33 396 1,110 6 1 15-60
SIR-C NASA (USA) >3 57 HH, VWV, HV, VH | 6, 12, 24 33 200-600 11,100 - 1,800 6 1 15-75
1.27 198 - 594 1,110
SRTM NASA (USA) 1.275 5 HH, VW 24 35 500 1,350 6 1 10-60
Future Satellites
HH, vV,
NASDA 1.27 25 HH & HV, 20 35 700 1,500 6 1 10-51
ALOS/PALSAR (Japan) VV & VH
1.27 25 HH, VV 10 35 700 1,500 6 1 10-50
CCRS
RADASAT-2 52 5 HH, VV, HV, VH 100 30 250 1,350 6 1 10-70
(Canada)
TerraSAR-X Germany 8-125 3 HH, VW 100 35 1200 1,500 6 1 20-50
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Table3: RADAR Sensorson Manned Aircraft (NA = Not Available)

Frequenc Wavelength Pulse Swath Platform Platform
System RADAR Type (gHZ) 4 o) 9 Polarization | BW (MHz) | Duration | Width |\, 520t | Afitude (m
(nsec) | (km) ¥ AGL)
Intermap STAR-3i SAR Mapping / INSAR 9.5675 3 HH 67.5 22 5,10 200 6,500 - 9,500
. 8-12.5 3 HH 2.4.7

Intermap TopoSAR SAR Mapping / INnSAR 03-10 74 AW, HY. VA NA 3 ) 110 3,500
8- 125 3.87 W 80

GEOSAR SAR Mapping / INSAR 3 20 205 10,000 - 12.000
03-1.0 86 HH. VWV, HV. VH| 160

i 53 5.66 HH, W Pol | 26.3 83
ga”a_d'a” Gentre for Remote | o\ Mapping / Coherent ° 2-3 NA 75 15,000
ensing C/X SAR 9.25 3.24 HH, W Pol | 31275
_ 1248.75 24.02

NASA DC8 SAR Map‘ljr']”S%’RCOhere”“ 5298.75 5652 | HH. VW, HV, VH 19 11.25 a0 280 15,000
438.75 63.33

General Dynamics DCS SAR Map‘l’r']”S%’RCOhere”“ 8-12.5 3 W, HH, VH 100 3 15 75 15,000
125 - 950 60 VV_HH

. . SAR Mapping / Coherent/ 7.5-102 3 vV, HH

Sandia Twin-Otter (VHF/UHF) AR T > Vgt 100 1-3 2-6 35-70 3,500
32.6-37 0.59 W

JSTARS GMTI 8-12.5 3 HH 100 NA 25 280 12,800




Table4: RADAR Sensorson UAVs

Frequenc Transmitter Antenna Slant Range Swath | Ground | Platform Platform
Sensor Vehicle Mode (qGHz) Y | Polarization | Peak Power Pointing Angle Resolution%m) Width Range | Velocity | Altitude (m
(watts) (deg) (km) (km) (m/s) AGL)
Strip 8.7 H 1300 45-135 1 10
Global Hawk SAR Global Hawk 20-200 180 20,000
Spot 8.7 H 1300 45-135 0.3 2
- Stri 15.2-18.2 H 1200 40-130 0.3-3.0 5 7-30
Lynx HGnal, Predator. P 33-43 | 4500
rowler Spot | 15.2-182 H 1200 40- 130 13 5 4-25
TESAR Predator Strip 16 \ 1050 45- 135 03-1 0.8 468-11 | 41-69 |2,000-6,000
Strip 16 H 530 45-135 1 15
TUAV SAR Qutrider/Shadow 2000 3-10 30-50 |1,800- 3700
Spot 16 H 530 45-135 0.3-1.0 3

Table 5. Ground Penetrating RADAR Systems

Manufacturer Model Frequency (MHz) Bandwidth (MHz) | Wavelength (m) Ag:::':cl(r:nz)::e Application
Geo-Centers EFGPR 1,250 +/-1,000 0.23 1 Landmines
2,200 +/-1,000 0.14 0.75 Road, concrete
1,000 +/-1,000 0.30 1.5 Road, concrete
1,500 +/-1,000 0.20 1 Road, concrete
a00 +/-1,000 0.33 1.5 Road, concrete
400 +/-1,000 0.75 4 Utility
270 +/-1,000 1.10 &) Utility
Geophysical Survey Utility,
Systems SIR-3000 200 +-1,000 1.50 7 archaeological,
forensic
Utility,
100 +/-1,000 3.00 20-Oct archaeological,
forensic
Utility,
16-80 +/-1,000 3.75-18.75 25-30 archaeological,
forensic
DS RIS 25 - 2,000 +/-13,000 0.15-12.0 20- 30 Buried features
Mirage DCS 901 250 - 3,000 500 010-1.20 1-5 Utility, Cables
Noggin 1000 750 500 0.40 1-2 Utility, Cables
Noggin 500 500 500 0.60 2-3 Utility, Cables
Noggin 250 250 250 1.20 5 Utility, Cables
12.5 12 24.00 10- 30 Utility, Cables
25 26 12.00 8 Utility, Cables
pulseEKKO 100 50 50 6.00 4 Utility, Cables
100 100 3.00 2 Utility, Cables
200 200 1.50 3 Utility, Cables
Sensors & Software 110 110 273 5-10 Utility, Cables
Utility,
225 250 1.30 5 Archaeological,
Forensic
pulseEKKO 1000 Utility,
450 375 0.67 1 archaeological,
forensic
900 S00 0.33 1 Road, concrete
1,200 1,200 0.25 1 Road, concrete
Systems Planning ey 150-450 +-1,000 0.67-2.0 5 Buried features
Corporation

* For typical soils
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TRANSPORTATION APPLICATIONS

Each of the five types of RADAR systems discusseithe previous section operate from a
preferred platform (i.e., satellite, manned airgraf UAV), or in the case of the SAR mapper
operate, from all three types of platforms. InSgyRtems can operate from space as in the case
of the Space Shuttle RADAR Topographic Mission (83.T However, the more efficient
platform for INSAR is jet aircraft. Coherent SARange detection is a satellite-driven
application that has been successfully demonstratied) RADARSAT-1 and ENVISAT data.
GMTI RADAR systems are operated by the militarynfirtong flight duration aircraft. UAVs

also have been used as platforms for GMTI in rematés of the world. GPR systems may be
operated from the ground level or from low-flyingcaaft, including UAVSs.

The FAA restricts the use of UAVs in the continétieS. The FAA’s concerns include, aircraft
to aircraft collision, and UAVs becoming out of ¢ from their flight controllers. Until these
concerns are overcome, which is estimated to damiibhree to five years, UAV operational use
in the United States will be severely limited.

Table 6 is an initial attempt to begin the proaefsmatching RADAR types to the eight MDOT
applications areas. This table will be updatedrdfie results of the focus group needs are
analyzed. Examination of the table clearly indésahe role that high resolution SAR mapping
can provide in addressing MDOT needs. InNSAR, dpdritom aircraft, can provide critical

high definition topography or a DEM, which is udahformation for asset management,
environmental data needs, as well as HAZMAT routind safety concerns. Pass to pass
coherent SAR has been shown to be an extremelylusef when subtle changes in terrain
height need to be monitored, hence its particudarin asset management, environmental needs
an inter and multi-model transportation. Ground mgvarget indicator RADAR is used
extensively by the military to map target vehialesving on the ground. This technology is
mature and offers the potential to synoptically mapicle number and speed day or night in all
weather conditions. This technology has obvioilgyuto a number of MDOT transportation
application areas. The fifth type of remote segsiystem, ground penetrating RADAR, maps
features below the surface and should prove usethke areas of asset management,
environmental data needs, and inter- and multi-rhivdasportation. A discussion of each of the
eight MDOT application areas follows.

Asset Management

Asset management is a major activity of transpiamadfficials in which large volumes of data
must be collected frequently. Evaluating the cbadiof assets allows managers to set priorities
and estimate costs. RADAR data can support thigiyc

Surface roughness of roads and the mapping ofcoaitlors can be done with SAR mapping
instruments. Topographic data from INSAR sensansprovide high spatial resolution road
grade maps. Pass to pass coherent detection, wdeictifies surface changes over time, can be
used to map pothole changes and areas where n@asiskking. GMTI RADAR has practical
uses for estimating vehicle counts and speed. GPRletect subsurface problems and buried
utilities.
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Table 6: Potential Utility of RADAR Systemsfor MDOT Application Areas (NA = Not Applicable)

MDOT

Application R
PP Asset Environmental Inte.r and HAZMAT Traffic Border Homeland ITS/
Management Data Needs Multi-Modal Shipments Safety and Crossing Security Operations
RADAR Transportation Congestion
Types
. Wetlands, . Vehicle type
SAR Mapplng Road roughness, | corridors, right-of- Line of sight at Optimum routes, . Vehicle counts counts, Base map,
(satellite, manned . . . hazards enroute, | Vehicle type .
. corridors ways, land cover, railroad crossings RADAR tags and type corridor RADAR tags
aireraft, UAV) forest inventory & inspection
. . High
. . Topography, . Line of sight, .
Il:lSAth(manned gj;%h Ezscl?:llrl:llsz DEMs, feature NA Orlgtlu?mum steep grades, NA NA tgesoohglin
aircraft) & P classification s slope stability POSTaphy,
base maps
Subsidence,
Pass-to-Pass Potholes elevation increase Runway and Change
Coherent e i S railroad NA Slope stability NA detection of NA
Detecti tellit Sinking roads anthropogen_lc deterioration arca
etection (satellite) change detection
GMTI . Vehicle counts . Vehicle counts | Vehicle counts Vehicle Synopﬂc
(manned aircraft, Vehicle counts NA NA counts and vehicle counts
and speed and speed and speed
UAV) speed and speed
G d
P:::lt? atin Under road S;l;sur]%ce Underground
RADAR g d problems, (pi espf um%els utilities, under NA NA NA NA NA
(manne buried utilities Des. : runway problems

aircraft, ground)

water channels)




Environmental Data

Environmental reports are often required for tramtggion construction projects. RADAR
provides an effective tool for gathering environtaémformation, and can assist the engineer in
selecting routes and developing mitigation plans.

Wetlands, corridor and right-of-way features, l@oder, and forest inventories can be evaluated
with SAR mapping techniques. INSAR can provideitgaltal data on topography with the
collection of DEM data and perform feature classifion. Certain environmental concerns, such
as subsidence, elevation increase (geologic agtiéhd changes due to anthropogenic causes
can be detected with pass to pass coherent RAD&iigues. The volume of traffic as
measured by vehicle counts is may be measured@tiil RADAR. As with asset

management GPR can detect subsurface structusdsasyipes, tunnels, and water channels.

Inter- and Multi-Modal Transportation

Inter- and multi-modal transportation involves a#i), and water systems with associated
infrastructure that requires monitoring, mainterggrand new construction. Small degrees of
deterioration or movement in airport runways anblaads can be monitored with pass to pass
coherent detection. During maintenance or newtoacison, GPR is a useful tool for detecting
underground utilities or for examining problems emgath runways.

The interface of different modes of transport, sastvehicular and rail, raises special safety
issues. For example, railroad crossings are requa have a minimum line of sight to ensure
safety. SAR mapping can be especially importantétecting right-of-ways and potential
visual obstructions.

HAZMAT Shipments

Transporting hazardous materials safely requiresétection of appropriate transportation
routes and being prepared to respond to emergéneyiens. Both SAR mapping and INSAR
data can help identify the optimal HAZMAT routesmnimize public risk. Continuous
monitoring with SAR could identify transportatioazards en route to avoid accidents.

A potential technology could involve the use ofdpeRADAR-reflective tags that could be
embedded on HAZMAT vehicles. This would facilitéite real time tracking and identification
of these vehicles with SAR sensors.

Traffic Safety and Congestion

Few transportation issues are more prominent tfadinctsafety and congestion, both in the
minds of the public and of government officialsAIRAR can collect data that help engineers
understand safety hazards and congestion probleres ctearly.

Because SAR mapping is very sensitive to the gegméimetallic objects, it can categorize
vehicle types. Topographic information from InSAtems can provide information on lines
of sight, map roads with steep grades, and idehiiardous slopes. Pass to pass coherent
RADAR can monitor slope stability over time in hwgdy corridors. GMTI RADAR is a
valuable tool for collecting information on vehideunts and speed, which can augment data
collectedin situ by highway video cameras.
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Border Crossing

Efficient, safe transportation operations at indional border crossings are crucial to the
economies of Michigan and Canada. As transportattdume and security concerns grow
RADAR may be an effective tool for monitoring pedsentry. SAR mapping can provide
vehicle counts in border crossing queues. GMTI RRxan be used to monitor vehicle speed
and traffic volume.

Homeland Security

Homeland security requires control of anthropogamid natural threats to public safety. As
such, it shares many of the challenges associatadarder crossings, HAZMAT shipments,
and environmental data. RADAR can be an importantponent of a security monitoring
program. SAR mapping can contribute to routineidor inspections and scrutinize potential
threats. Pass to pass coherent detection mayebledasense changes in an area over time.

During response to an emergency situation, RADAResys, such as SAR mapping and GMTI,
can be activated to perform vehicle counts, typd,speed. This could be particularly valuable
during an evacuation crisis. SAR mapping can dékeaded areas or help evaluate structural
damage.

Intelligent Transportation Systems/ Operations

The goal of intelligent transportation systems {liSSo improve utilization of transportation
resources through new technologies. SAR mappisigs)s have demonstrated their utility for
creating transportation base maps. Likewise, InS8ARcapture topographic data, providing
three dimensions to transportation network mapslTGand collect vehicle counts and speed
for inputs into ITS models.

If RADAR-reflecting tags were placed on vehiclasgls as freight trucks, SAR mapping
technology could determine the distribution andsitees of these vehicles to improve traffic
flow and safety.
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CONCLUSIONS

As discussed above, RADAR systems offer a broagerah remote sensing capabilities that can
be applied to transportation problems, such ascleemovements, mapping of topographic and
cultural features, road conditions, slope movememd, detection of subsurface structures.
RADAR gives a synoptic view of large territoriesath kinds of weather, including cloudy,

rainy, and foggy conditions. Given that RADAR gpecially sensitive to metallic objects offers
distinct advantages for detecting vehicles.

Due to the high spatial resolution demands of rtrasisportation applications, airborne sensors
provide many advantages over satellite system® ofle arena in which satellite systems have
an advantage is for pass to pass coherent detecfioen upcoming ALOS/PALSAR system may
offer some advantages for mapping habitat typessabdurface features.

In the future, installation of unique RADAR-reflew tags on vehicles could provide real time
information for an ITS. Improvements in flight ef features of UAVs could help transfer SAR
capabilities from the military domain to the puldiector.
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APPENDIX A: Acronyms and Abbreviations

DEM
EM
FAA
GHz
GMTI
GPR
HAZMAT
INSAR
m/s
MHz
MDV
NASDA
PD
RADAR
SAR
SRTM
UAV

Digital elevation model
Electromagnetic

Federal Aviation Administration
Gigahertz (1 billion cycles/second)
Ground moving target indicators
Ground penetrating RADAR
Hazardous materials

Interferometric RADAR

Meters per second

Megahertz (1 million cycles/second)
Minimum Detectable Velocity
National Space Development Agency of Japan
Probability of detection

Radio detection and ranging
Synthetic aperture RADAR

Shuttle RADAR Topographic Mission
Unmanned aerial vehicle

RADAR Sensors

Altarum « 23



